



Supercooled Water and its Structure






































































ᚄ 10mm䠅ࠊ㛗ࡉ 90 mmࡢヨ㦂⟶ࢆ⏝࠸࡚ᐇ㦂ࢆ⾜ࡗࡓࠋࡑࡢ⤖ᯝࠊ⾲ 1࡟♧ࡍࡼ࠺࡟ࠊ
࠸ࡎࢀࡢሙྜࡶࠊ㸫14㹼㸫17Υࡲ࡛㐣෭༷ྍ⬟࡛࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓࠋỈ㐨Ỉࡢሙྜࠊ0Υ
Ỉ䛾✀㢮 㻝఩ 㻞఩ 㻟఩ 㻠఩ 㻡఩
㼢㼛㼘䡒㼕㼏 㻔䝣䝷䞁䝇㻕 㻙㻝㻢㻚㻟 㻙㻝㻢㻚㻜 㻙㻝㻡㻚㻠 㻙㻝㻡㻚㻟 㻙㻝㻡㻚㻜
ኳ↛Ỉ䠄༡䜰䝹䝥䝇䠅 㻙㻝㻢㻚㻣 㻙㻝㻢㻚㻣 㻙㻝㻢㻚㻜 㻙㻝㻠㻚㻣 㻙㻝㻟㻚㻟
㼑㼢㼕㼍㼚 䠄䝣䝷䞁䝇䠅 㻙㻝㻢㻚㻟 㻙㻝㻡㻚㻢 㻙㻝㻡㻚㻡 㻙㻝㻡㻚㻟 㻙㻝㻠㻚㻝
䛿䜎䛳Ꮚ䛹䛖䛧 㻙㻝㻣㻚㻝 㻙㻝㻡㻚㻢 㻙㻝㻡㻚㻟 㻙㻝㻟㻚㻣 㻙㻝㻟㻚㻝
ᐩኈᒣ䛾䝞䝘䝆䜴䝮ኳ↛Ỉ 㻙㻝㻠㻚㻥 㻙㻝㻟㻚㻥 㻙㻝㻟㻚㻡 㻙㻝㻟㻚㻜 㻙㻝㻞㻚㻡
䜽䝸䝇䝍䝹䜺䜲䝄䞊䠄䜰䝯䝸䜹䠅 㻙㻝㻠㻚㻥 㻙㻝㻟㻚㻥 㻙㻝㻟㻚㻜 㻙㻝㻞㻚㻞 㻙㻝㻝㻚㻢
Ỉ㐨Ỉ䠄ᶓ὾ᕷ䠅 㻙㻝㻠㻚㻟 㻙㻝㻠㻚㻞 㻙㻝㻟㻚㻞 㻜 㻜
㉸⣧Ỉ 㻙㻝㻡㻚㻜 㻙㻝㻠㻚㻜 㻙㻝㻟㻚㻤 㻙㻝㻟㻚㻞 㻙㻝㻟㻚㻜
⾲ 䠍 ✀䚻䛾㣧ᩱỈ䛚䜘䜃㉸⣧Ỉ䛻ᑐ䛧䛶฿㐩䛷䛝䛯㐣෭༷ ᗘ㼍
䠄⣙㻝㻜ᅇ䛪䛴ᐇ㦂䛧䛯⤖ᯝ䛛䜙 ᗘ䛾ప䛔㡰䛻㻡఩䜎䛷䜢♧䛩䠅
































ᅗ 1 ෆᚄ 12.5 mm ࡢヨ㦂⟶࡟ධࢀࡓ㉸⣧Ỉ
ࢆ෭༷ࡋࡓ࡜ࡁ฿㐩ࡋࡓ㐣෭༷ ᗘ 3)
ᅗ 2 ෆᚄ 5 mmࡢヨ㦂⟶࡟ධࢀࡓ㉸⣧Ỉࢆ
෭༷ࡋࡓ࡜ࡁ฿㐩ࡋࡓ㐣෭༷ ᗘ 3)































ࢆ⏝࠸ࡓ⿵እ್࡟┦ᙜࡍࡿࠋCpࡢ್ࡀⓎᩓࡍࡿ ᗘࡣ singularity point (Ts)࡜࿧ࡤࢀࠊ1
ẼᅽࡢỈࡢሙྜࠊTs =㸫45㹼㸫46Υ࡜⪃࠼ࡽࢀ࡚࠸ࡿࠋࡲࡓࠊ㐣෭༷Ỉࡢᐦᗘࢹ࣮ࢱࢆ








䠄6.008 kJ mol-1䠅࡜ࣔࣝᐃᅽ⇕ᐜ㔞 Cpࢆ⏝࠸࡚ࠊ㐣෭༷ゎᾘ ᗘ Tswࡢ㛵ᩘ࡜ࡋ࡚ぢ✚ࡶ
ࡿࡇ࡜ࡀ࡛ࡁࡿࠋ㐣෭༷ࡀゎᾘࡋࡓ࡜ࡁ⣔ࡢ ᗘࡣ▐᫬࡟ 0Υ࡟࡞ࡿࡇ࡜࠿ࡽࠊࡇࡢị
ࡀᯒฟࡍࡿ㐣⛬ࢆ᩿⇕㐣⛬࡜௬ᐃࡋࠊ1 molࡢỈࡀ 0Υ࠿ࡽ Tswࡲ࡛෭༷ࡉࢀࡓ࡜ࡁ࡟ዣ
ࢃࢀࡓ⇕䠄࢚ࣥࢱࣝࣆ࣮ኚ໬'Hsw䠅ࡣ 0Υ࡛ịࡀ⏕ᡂࡋ࡚ᨺฟࡉࢀࡿ⇕࡟➼ࡋ࠸࡜⪃࠼ࡿ
࡜ࠊxice =㸫'Hsw/'Hfus࡜⾲ࡏࡿࠋࡇࡇ࡛ࠊ'Hswࡣ Cpࢆ 0Υ࠿ࡽ Tswࡲ࡛ ᗘ࡛✚ศࡋ࡚




































ᅗ 4 㐣෭༷Ỉࡀ ᗘ Tsw࡛㐣෭༷ࡀゎᾘࡉࢀ
ࡓ࡜ࡁị࡜࡞ࡗ࡚ᯒฟࡍࡿỈࡢ๭ྜ xice


























































' tGࢆぢ✚ࡶࡗࡓ୍ࠋ ౛ࢆ♧ࡍ࡜ࠊ' tG / kJ
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ᅗ 7 㐣෭༷ゎᾘ ᗘ Tsw࡛ᯒฟࡋࡓከ
⤖ᬗịࡢᡂ㛗㏿ᗘ

























u 400 mm䠅஧ḟඖ X⥺᳨ฟჾ
䠄࣓࢝ࣛ㛗 150 mm䠅ࠊᅇ㌿ᑐ
㝜ᴟ X⥺䠄MoKD ⥺, Ἴ㛗O =
0.7107 Å, 1 Å =10-10 m䠅Ⓨ⏕⿦
⨨ࢆ⿦ഛࡋࡓࣜ࢞ࢡ〇㎿㏿⁐



































ṇࢆ⾜࠸ࠊᩓ஘ゅ 2T㸻1.6㹼130q䠄s= 4S sinT /O =0.25㹼16.0 Å-1䠅㡿ᇦ࡟ࡘ࠸࡚ 0.2q 㛫㝸࡛
ࢹ࣮ࢱ཰㞟ࡋࠊKURVLR ࣉࣟࢢ࣒ࣛ 5)ࢆ⏝࠸࡚ᵓ㐀ᅉᏊ i(s)ࢆồࡵࠊࣇ࣮࢚ࣜኚ᥮࡟ࡼ
ࡾືᚄศᕸ㛵ᩘࢆᑟ࠸ࡓࠋࣇ࣮࢚ࣜኚ᥮ࡢ⿵ṇ㛵ᩘ୰ࡢῶ⾶ᅉᏊࡣ 0.01Å2࡜ࡋࠊࢩ࣮ࣕ
ࣉࢽࣥࢢᅉᏊ࡟ࡣ඲࡚㓟⣲ཎᏊࡢཎᏊᩓ஘ᅉᏊࢆ⏝࠸ࡓࠋືᚄศᕸ㛵ᩘ D(r)ࡣࠊ୺࡜ࡋ
࡚ᖹᆒ㟁Ꮚᐦᗘศᕸ࠿ࡽࡢᕪ D(r)㸫4S r2U 0䠄RDF࡜␎グ䠅࡜ࡋ࡚⾲ࡋࡓࠋ༢఩య✚䠄໬Ꮫ
㔞ㄽయ✚䠅䛿ỈศᏊࢆᖹᆒ 1ಶྵࡴయ✚ 30.0 Å3 㻔1 Å =10-10 m㻕࡜࠾࠸ࡓࠋ
㐣෭༷ ᗘࡢ㸫15Υ࠿ࡽ㧗 ࡢ 95Υ࡛ࡢ ᐃ࡟ᑐࡋ࡚ࡣ㉸⣧Ỉࢆ⏝࠸ࠊ㸫15Υࡼࡾప
 䠄㸫35Υࡲ࡛䠅ࡢ㐣෭༷Ỉ࡟ࡘ࠸࡚ࡣ࢚࣐ࣝࢩࣙࣥࢆ⏝࠸࡚ ᐃࢆ⾜ࡗࡓࠋ࢚࣐ࣝࢩࣙ
ࣥࡣࠊ⏺㠃άᛶ๣ Span 65 (Sorbitan tristearate) (SIGMA Chem. Co.)ࢆᑡ㔞⁐࠿ࡋࡓ࣓ࢳࣝ
ࢩࢡࣟ࣊࢟ࢧࣥ(MeC6H11)࡜㉸⣧Ỉࢆࠊయ✚ẚ䠄Ỉ㸸MeC6H11䠅䛷 1㸸1䠄H2O:55.2wt%,
M2C6H11:41.2wt%, Span 65:3.6wt%㸧࠶ࡿ࠸ࡣ 1.7㸸1䠄H2O:66.7wt%, M2C6H11:29.8wt%, Span
65:3.5wt%䠅࡛ΰྜࡋࠊ㧗㏿ᅇ㌿ᨩᢾჾ࡛᧠ᢾࡋㄪ〇ࡋࡓࠋ࢚࣐ࣝࢩࣙࣥ࡟ᑐࡍࡿ RDF࡟
ࡣỈ௨እࡢ᭷ᶵ≀ࡢᐤ୚ࡀྵࡲࢀࡿࡓࡵࠊ௨ୗ࡟㏙࡭ࡿ᪉ἲ࡛ࡑࡢ㝖ཤࢆ⾜ࡗࡓࠋࡲࡎࠊ
㸫10Υ࠾ࡼࡧ 0Υ࡟ᑐࡋ࡚ᚓࡽࢀࡓ RDF࠿ࡽࠊ࢚࣐ࣝࢩࣙࣥ୰࡟ྵࡲࢀࡿỈࡢ RDF㒊
ศࡀྠࡌ ᗘࡢ⣧Ỉࡢ RDF࡜ྠࡌ࡛࠶ࡿ࡜௬ᐃࡋࠊࡑࡢỈࡢศ㔞ࡔࡅᕪࡋᘬࡁ᭷ᶵ≀㒊
ศࡢ RDForgࢆồࡵࡓࠋᚓࡽࢀࡓ RDForg࡟ࡣ ᗘ౫Ꮡᛶࡀ࡞࠿ࡗࡓࡇ࡜࠿ࡽࠊ㸫10Υ࡛ࡢ









s࡟ᑐࡋ࡚ᅗ 10࡟♧ࡋࠊᑟ࠿ࢀࡓᵓ㐀ᅉᏊ i(s)ࢆ si(s)᭤⥺࡜ࡋ࡚ᅗ 11࡟♧ࡍࠋ ᗘ࡟ࡼ
ࡿ si(s)ࡢኚ໬ࡣ㐃⥆ⓗ࡛࠶ࡿࡀࠊs=2㹼3 Å-1࡟㢧ⴭ࡞ኚ໬ࡀぢࡽࢀࡿࠋ㧗 ࡛ࡢ 2.23 Å-1































ᅗ 12ࡢ 2.8㹼2.9 Åࡢࢩ࣮ࣕࣉ࡞ࣆ࣮ࢡ㻔䝢䞊䜽 1㻕ࡣࠊ஫࠸࡟᥋ゐࡋࡓ᭱㏆᥋ỈศᏊ㛫ࡢ
┦஫స⏝࡟ᖐࡏࡽࢀࠊ㹼4.5 Åࡢࣆ࣮ࢡ㻔䝢䞊䜽 2㻕ࡣࠊỈ⣲⤖ྜ࡛㐃⤖ࡋ࡚࠸ࡿ 3ಶࡢỈศ














ᅗ 11 㸫15㹼95Υ࡟࠾ࡅࡿ⣧Ỉࡢ si(s). 10Υ㛫㝸࡛ 5Υ௨ୗࡣ 5Υ㛫㝸























ᅗ 13࡟ࠊ4✀㢮ࡢ ᗘ࡟࠾ࡅࡿ RDFࢆᢤ⢋ࡋ࡚ಶู࡟♧ࡍࠋ㸫15Υࡢ㐣෭༷Ỉࡢ RDF
࡟ࡣࠊ5ࡘࡢࣆ࣮ࢡ䠄2.83, 4.54, 6.82, 8.8, 10.8 Å䠅ࡀᏑᅾࡍࡿࠋ㹼8.8 Å ࡜㹼10.8 Åࡢࣆ࣮
ࢡࡣࠊࡇࢀࡲ࡛▱ࡽࢀ࡚࠸࡞࠿ࡗࡓࣆ࣮ࢡ࡛࠶ࡿࠋ㹼10.8 Åࡢࣆ࣮ࢡࡣࠊ25Υ࡛ࡶഹ࠿
࡟Ꮡᅾࡍࡿࡼ࠺࡟ぢ࠼ࠊ ᗘࡀపୗࡍࡿ࡟ࡘࢀᙉࡲࡗ࡚࠸ࡿ䠄ᅗ 12ࠊᅗ 13䠅ࠋࣆ࣮ࢡ 1
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ࢆ௬ᐃࡋࠊࡑࡢ⌮ㄽືᚄศᕸ㛵ᩘ D(r)ࢆồࡵࡓࠋᅗ 16 ࡟♧ࡉࢀࡿࡼ࠺࡟ࠊࢡࣛࢫࢱ࣮
࡜ࡋ࡚ṇ 12㠃యࡢ఍ྜయ䠄B㹼E䠅ࢆ௬ᐃࡋࡓ࡜ࡁࠊᐇ  RDFࡢ㹼10.8 Åࡢࣆ࣮ࢡ࡟㏆࠸
10.6㹼10.9 Å࡟ࣆ࣮ࢡࡀ⌧ࢀࠊᵓ㐀 C㹼E࡛ࡣᐇ ࡢ㹼8.8 Å࡟㏆࠸ 8.9㹼9.0 Å࡟ࡶࣆ࣮







ࡘ௦⾲ⓗ≀㉁࡟࢞ࢫࣁ࢖ࢻ࣮ࣞࢺ⤖ᬗ䛜䛒䜛䚹ᅗ 17࡟ࠊࡑࡢ Iᆺᵓ㐀࡜ IIᆺᵓ㐀ࢆ♧ࡍࠋ
࣓ࢱࣥࣁ࢖ࢻ࣮ࣞࢺࡣ Iᆺᵓ㐀ࢆ࡜ࡾࠊ࣓ࢱࣥศᏊࡣከ㠃యࢣ࣮ࢪ୰࡟ᏑᅾࡍࡿࠋIᆺᵓ
㐀࡟ࡣࠊ2ࡘࡢṇභゅᙧ㠃ࢆࡶࡘ 14㠃యࡶᏑᅾࡋࠊᅗ 16ࡢ B࡟┦ᙜࡍࡿ఍ྜᵓ㐀ࡶྵ

















Ice Ih (-50 °C)
(2/3)
ᅗ 15 㸫15Υࡢ㐣෭༷Ỉࡢ RDF㻔ᐇ⥺㻕࡜㸫50Υࡢ
ị⤖ᬗ䠄Ihᵓ㐀䠅ࡢ RDF㻔◚⥺㻕ࡢẚ㍑








ࡲࢀࡿࠋ༢఩᱁Ꮚᙜࡓࡾ࡟ỈศᏊ 46ಶࠊṇ 12㠃య 2ಶࠊ14㠃య 6ಶࡀྵࡲࢀࡿࠋ༢఩
᱁Ꮚࡢ❧᪉య୰ᚰ࡟ṇ 12㠃యࡀ఩⨨ࡋࠊྛ㡬Ⅼ࡟఩⨨ࡍࡿ 8ಶࡢṇ 12㠃య࡜Ỉ⣲⤖ྜ
࡛⤖ࡤࢀࠊࡲࡓࠊ❧᪉యࡢྛ㠃࡟ 2ಶࡎࡘᏑᅾࡍࡿྜィ 12ಶࡢỈศᏊ࡜ࡶỈ⣲⤖ྜࡋ࡚
࠸ࡿࠋᚋ⪅ࡢỈศᏊ㛫ࡢ㊥㞳ࡣࠊᑡࡋ㛗ࡃࠊṇ 12㠃యෆ࠾ࡼࡧṇ 12㠃య㛫࡛Ỉ⣲⤖ྜ
ࡋ࡚࠸ࡿỈศᏊ㛫ࡢ㊥㞳ࡢ 1.069ಸ࡛࠶ࡿࠋ୍᪉ࠊIIᆺᵓ㐀࡟ࡣࠊᅗ 16ࡢ C㹼Eࡢ఍ྜ
ᵓ㐀ࡀྵࡲࢀࠊ4ࡘࡢṇභゅᙧ㠃ࢆࡶࡘ 16㠃యࡶᏑᅾࡍࡿࠋࡑࡢ༢఩᱁Ꮚࡣ Iᆺᵓ㐀ࡢ
ሙྜࡼࡾ኱ࡁࡃࠊỈศᏊ 136ಶࠊṇ 12㠃య 16ಶࠊ14㠃య 8ಶࡀྵࡲࢀࡿࠋ
L.Pauling10)ࡣࠊỈࡢᇶᮏᵓ㐀࡜ࡋ











ᅗ 18 ࢞ࢫࣁ࢖ࢻ࣮ࣞࢺ Iᆺᵓ㐀࡟ᇶ࡙ࡃỈᵓ㐀ࣔ
ࢹࣝ㸬A㸸PaulingࣔࢹࣝࠊB㸸ᨵⰋࣔࢹࣝ㸬
a, b, c㸸ከ㠃యࢣ࣮ࢪ୰ࡢ㠀Ỉ⣲⤖ྜỈศᏊ㸬
























ᅗ 16 ✀ࠎࡢṇ 12㠃యỈ⣲⤖ྜࢡࣛࢫࢱ 㸦࣮A㹼E㸧
࡟ᑐࡍࡿ⌮ㄽືᚄศᕸ㛵ᩘ D(r)㸬᭱㏆᥋Ỉศ
Ꮚ㛫┦஫స⏝ࡣ 2.82 Åࠊ᰿ᖹᆒ஧஌ኚ఩(V) ࡣ
V = 0.16 Å࡜ࡋࠊࡑࡢ௚ࡢ┦஫స⏝࡟ᑐࡋ࡚ࡣ
V = 0.4 Å࡜ࡋࡓ㸬
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࡞ࡾࠊỈࡢᐦᗘࡣ 0.946 g cm-3࡜ᨵၿ
ࡉࢀࡿࠋ᭱㏆᥋ỈศᏊ㛫㊥㞳ࢆ
2.82ÅࠊrmsࡣV = 0.11 Å 㻔r = 2.82 Å㻕,
0.35 Å 㻔2.82< r d 3.10 Å㻕, 0.60 Å 㻔r
>3.10 Å㻕࡜ࡋ࡚⌮ㄽィ⟬ࢆ⾜ࡗࡓࠋ
ᅗ 20࡟♧ࡉࢀࡿࡼ࠺࡟ࠊᚓࡽࢀࡓ

























ᅗ 19 Pauling ࡢỈᵓ㐀ࣔࢹࣝ࡟ᇶ࡙࠸ࡓ⌮ㄽィ
⟬࡟ࡼࡿ RDF(◚⥺)࡜㸫15Υࡢ㐣෭༷Ỉࡢ
RDF(ᐇ⥺)㸬⌮ㄽィ⟬࡛ࡣࠊ᭱㏆᥋ỈศᏊ㛫
┦஫స⏝ࡣࠊr = 2.82 ÅࠊV = 0.11 Å࡜ࡋࠊࡑ
ࡢ௚ࡢ┦஫స⏝࡟ᑐࡋ࡚ࡣV = 0.6 Å࡜ࡋࡓ㸬




































௵ពᛶࢆ㑊ࡅࡿࡓࡵࠊ3.1 Å ࡼࡾ㊥㞳ࡢ㛗࠸ỈศᏊ㛫┦஫స⏝࡟ᑐࡋ࡚ rms ࢆ୍ᐃ㻔V =
0.60 Å㻕࡟ࡋࡓࡇ࡜ࡀࡇࡢࡼ࠺࡞ࡎࢀࢆࡶࡓࡽࡋࡓ࡜⪃࠼ࡽࢀࡿࠋᅗ 20 ࡢᤄධᅗ࡟♧ࡉ
ࢀࡿ㊥㞳࡜࡜ࡶ࡟༢ㄪῶᑡࡍࡿῶ⾶㛵ᩘࢆ௬ᐃࡍࡿ࡜ࠊᅗ 20ࡢୖ㒊࡟♧ࡉࢀࡿࡼ࠺࡟ࠊ
ᐇ ࡢ RDF࡜࡯࡜ࢇ࡝᏶඲࡟୍⮴ࡍࡿࠋ
㐣෭༷Ỉࡢ RDFࡢ㹼10.8 Åࡢࣆ࣮ࢡࡢ㊥㞳ࡣࠊIᆺᵓ㐀୰ࡢ㞄᥋ࡍࡿṇ 12㠃యࡢ୰ᚰ























⪃ᐹࡍࡿࠋ㹼10.8 Åࡢࣆ࣮ࢡࡣࠊᅗ 12࠶ࡿ࠸ࡣᅗ 13࡟࠾࠸࡚ࠊ25Υ௜㏆࡛ࡶഹ࠿࡟ࡑ
ࡢᏑᅾࡀㄆࡵࡽࢀࡿࠋ㸫15Υࡢ㐣෭༷Ỉࡢ RDF࡟⌧ࢀࡓྛࣆ࣮ࢡ࡜ࡑࡢ఩⨨ࡣࠊ25Υ࡟
࠾࠸࡚ࡶᮏ㉁ⓗ࡟ࡣኚࢃࡗ࡚࠸࡞࠸ࠋࡇࡢࡇ࡜࠿ࡽࠊ25Υ௜㏆࡛ࡶỈࡢ୰࡟ࡣࢡࣛࢫࣞ

















ᅗ 21 㐣෭༷Ỉ䠄㸫15䉝䠅䛾 RDFᐇ⥺䛸࢞ࢫࣁ
࢖ࢻ࣮ࣞࢺ II ᆺᵓ㐀ࢆ௬ᐃࡋࡓỈᵓ㐀ࣔ
ࢹࣝ࡟ᇶ࡙࠸ࡓ⌮ㄽ RDF䠄◚⥺䠅ࡢẚ㍑




ࡢࣆ࣮ࢡࡣࣆ࣮ࢡ 2䠄㹼4.5 Å䠅ࡢᡂ㛗࡟క࠸ᡂ㛗ࡍࡿࡀࠊࣆ࣮ࢡ 3䠄6.8㹼6.9 Å䠅ࡢኚ໬ࡢ⛬






























































































r = 4.54 Å
r = 6.82 Å
r = 8.8 Å
r = 10.8 Å






















0Υ࡜-10Υࡣ⣧Ỉࡢ RDF㸹-20Υ, -30Υ, -35Υࡣ࢚࣐
ࣝࢩࣙࣥ⢏Ꮚ୰ࡢỈࡢ RDF








































































⣲࡛࠶ࡿṇ஬ゅᙧỈ⣲⤖ྜᵓ㐀࡛ࡣࠊỈ⣲⤖ྜゅ䛿 108q࡛䚸ị I ᵝᵓ㐀ࡢᇶᮏせ⣲࡛࠶
ࡿṇᅄ㠃యỈ⣲⤖ྜᵓ㐀࡛ࡣ 109.5q࡛࠶ࡿࡇ࡜࠿ࡽࠊỈศᏊࡢ H-O-H⤖ྜゅ㻔104.5q㻕࡟㏆
࠸ṇ஬ゅᙧᵓ㐀ࡢỈ⣲⤖ྜࡢ᪉ࡀࡼࡾᏳᐃ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ➨஧࡟ࠊࢡࣛࢫ࣮ࣞࢺ







᭱㏆᥋ỈศᏊ㛫ࡢ㊥㞳ࢆ⤖ᬗ୰ 11)࡜ྠ➼ࡢ 2.78 Å ࡜ࡍࡿ࡜ࠊࡑࡢᐦᗘࡣ I ᆺᵓ㐀࡛ࡣ
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➹⪅ࡀᖹᡂ 16ᖺ࠿ࡽ 21ᖺࡲ࡛ୡヰࡋࠊࡑࡢ➨ 100ᅇグᛕ࡜ࡋ࡚ᶓ὾ᕷ❧኱Ꮫ࢚ࢡࢫࢸ

















ࢆࡶࡘịࡢ Ihᵓ㐀࠾ࡼࡧ Narten ࡽࡢ㈏ධࣔࢹࣝIhᵓ㐀୰ࡢ㝽㛫࡟Ỉ⣲⤖ྜࡋ࡚࠸࡞࠸
ỈศᏊࡀධࡾ㎸ࢇࡔᵓ㐀ࢆ௬ᐃࡋࡓㄝ᫂ࢆヨࡳࡲࡋࡓࠋࡋ࠿ࡋࠊ10.8 Åࡢࣆ࣮ࢡ࡝ࡇࢁ













యỈ࿴≀ࡢ⤖ᬗࢆᵓᡂࡋ࡚࠸ࡿṇ 12㠃యࡸ 14㠃యࡢ㦵᱁ᵓ㐀༢఩᱁Ꮚ୰࡟ 46ಶࡢỈ
ศᏊࢆྵࡴࡔࡅ࡛ࡣᐦᗘࡀ㠀⌧ᐇⓗ࡞್0.725 g cm-3࡟࡞ࡿࡇ࡜࠿ࡽࠊࡑࡢ✵Ꮝ୰࡟
ỈศᏊࢆ⨨ࡃᚲせࡀฟ࡚ࡁࡲࡋࡓࠋᑡࡋ⤒ࡗ࡚࠿ࡽࡔ࡜ᛮ࠸ࡲࡍࡀࠊPaulingࡀࠊ✵Ꮝ୰
࡟ 1ಶࡎࡘỈศᏊࢆ⨨࠸ࡓ Iᆺᵓ㐀ࢆᇶᮏ࡟ࡋࡓỈᵓ㐀ࣔࢹࣝ༢఩᱁Ꮚ୰࡟ 54ಶࡢỈ
ศᏊࢆྵࡴࢆ 1959 ᖺ࡟ᥦฟࡋ࡚࠸ࡓࡇ࡜࡟Ẽࡀ௜ࡁࡲࡋࡓNarten ࡽࡀࡇࡢࣔࢹࣝࢆ
ྰᐃࡋ࡚࠸ࡓࡓࡵ࠶ࡲࡾὀ┠ࡉࢀ࡚࠸࡞࠿ࡗࡓࠋࡇࡢࣔࢹ࡛ࣝࡶࠊỈศᏊ㛫ࡢ᭱㏆᥋㊥







༢఩᱁Ꮚ୰࡟ 60ಶࡢỈศᏊࢆྵࡴᐦᗘࡣ 0.946 g cm-3࡜ィ⟬ࡉࢀࡿࢆ௬ᐃࡋ࡚⌮ㄽ
ィ⟬ࢆ⾜ࡗ࡚ᚓࡽࢀࡓືᚄศᕸ㛵ᩘࡣᐇ ࡢືᚄศᕸ㛵ᩘࡢ඲࡚ࡢࣆ࣮ࢡࢆ㠀ᖖ࡟ࡼࡃ
ㄝ᫂ࡍࡿࡇ࡜ࡀ࡛ࡁࡲࡋࡓࠋࡇࡢ⤖ᯝࡣࠊ2000ᖺ 8᭶ࡢ Gordon Research Conferenceࠊ2000
ᖺ 11᭶ࡢ➨ 23ᅇ⁐ᾮ໬Ꮫࢩ࣏ࣥࢪ࣒࢘ࠊ2002ᖺ 9᭶ࡢ 5th Liquid Matter Conference࡟
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